Summary Cancer cachexia is among the most dramatic situations of depletion in body energy reserves. To ascertain whether the pattern of body composition alteration during tumour development is influenced by aging as in uncomplicated starvation, we compared the difference of body composition between Yoshida sarcoma bearing rats and young (200 g, 7 weeks) and adult (400 g, 13 weeks) control rats. After the same duration of tumour bearing, mass and composition of tumours were similar in adult and young rats, indicating that they are independent of host age. Food intake decreased to a remarkably similar value in both young and adults. Body water content was elevated in hosts of both ages. The relative deficit of body lipid vs controls was similar for both, the absolute lipid deficit being therefore larger in adult than in young tumour-bearing rats (14.3 ± 4.4 g vs 6.8 ± 0.9 g; P<0.01). In contrast, there was a relatively larger deficit of body protein in young rats. Paradoxically, these rats still maintained a positive nitrogen balance whereas this balance was negative in adult tumour-bearing rats. In conclusion, as previously shown in uncomplicated undernutrition, the anorexia induced by Yoshida sarcoma development is still associated with some protein accretion in young rats whereas cachexia develops in adults.
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Cachexia, a wasting of the host reserves, is a common feature in tumour-bearing animals (Rechcigl et al., 1961) and humans (Costa, 1977) . It is a major factor of mortality in cancer patients (Warren, 1932) . Cancer cachexia is characterised by anorexia and depletion of lipid and proteins of the host (Mider et al., 1948; Rechcigl et al., 1961; Lundholm, 1986) . However, the anorexia accompanying cancer cachexia is not entirely responsible for the concomitant metabolic alterations, since pair-fed rats show a better body mass conservation than tumour-bearing rats (Lundholm et al., 1980; Tisdale, 1991) . Although cytokines seem to play a major role in the wasting of host reserves (Tracey, 1992) , the reason for the depletion of lipid and protein reserves has not been totally elucidated.
During starvation, another situation in which body fuel reserves are depleted, the age of rats plays a major role in the mobilisation of lipid and protein reserves, through the initial availability in body lipids (Goodman et al., 1980) . Similarly, the changes in body protein and lipid during underfeeding differ between young and adult rats (Widdowson & McCance, 1956 ). In tumour-bearing rats, total starvation increases tumour growth rate in adult, not in immature rats (Sauer et al., 1986) . Thus, one possible way to investigate how body fuel reserves of the host are depleted during tumour bearing and how they influence the tumour growth is to compare rats of different ages.
As a first approach, we studied the protein and lipid deficit of the host after the same duration of tumour development in young (200 g, 7 weeks old) and adult rats (400 g, 13 weeks old). (Morrison, 1983) . Each tumour-bearing animal was pair-killed with a control. The tumour was immediately excised. The body (minus tumour) and the tumour were rapidly frozen in liquid nitrogen, and stored at -20°C until analysis.
Materials and methods

Animals
All experiments were done in compliance with E.E.C. regulations on care of experimental animals, and submitted to control by French authorities.
Methods of analysis
For composition analysis, the bodies were ground under liquid nitrogen, lyophilised, and ground again to a fine powder. Sample water content was determined from the difference between wet and lyophilised mass. Body and excreta nitrogen were measured by the method of Kjeldahl, using selenium as catalyst. Nitrogen was converted to protein by multiplying by 6.25. Total lipid was determined gravimetrically by a method adapted from Folch et al. (1957) in aliquots of the ground bodies. Reserve lipids were calculated as total lipids minus phospholipids (Rauser et al., 1969) and total cholesterol (enzymatic method, Boehringer). Mineral ash mass was measured after ignition of powder aliquots in an oven at 800°C for 24 h. Tumour composition was measured in the same way, except for ash content which was not determined in tumour.
Statistical analysis
Tumour-bearing rats and their respective controls were randomly selected at the time of tumour injection. Thereafter they were handled as matched pairs, thus justifying the use of Wilcoxon's pair test. Comparison between independent samples were done with the non-parametric Mann-Whitney U test.
Results
Nitrogen metabolism
Cumulative energy intake, nitrogen excretion and nitrogen balance over the post-operative period were decreased in tumour-bearing rats, in both young (group 1) and adult rats (group 2) (P < 0.01, Table I ). The difference of cumulative food intake between the tumour-bearing and control rats, expressed as per cent of controls, did not differ between groups (Table I) . Similarly, nitrogen excretion did not differ between groups. Tumour-bearing was accompanied with a reduced cumulative nitrogen balance. Expressed as per cent of controls, this difference was much higher in group 2 than in group 1 (-192 .4 ± 43.3% vs -45.6 ± 5.2%; the percentage higher than 100 in absolute value is a consequence of the sign inversion of the balance; P<0.05, Table I ).
Variation of carcass mass
Host body mass decreased during tumour growth in group 2, whereas it increased in controls ( Table II) . The young tumour-bearing rats showed a gain in body mass, but less than in the corresponding controls (Table II) . In absolute values, the differences of body growth between control and tumour-bearing rats were similar in groups 1 and 2 (58.5 ± 4.0 g vs 61.6 ± 6.3 g; Figure IA ). However, when expressed as per cent of initial body mass, the difference of mass change was 27.1 ± 1.8% of the initial mass in group 1, against 14.9 ± 1.6% in group 2 (P<0.05, Figure 1B) .
The following data obtained only at the termination of the experiment. Comparison could thus be made only between tumour-bearing and controls, not between initial and final values.
The final body mass of the tumour-bearing rats decreased as compared with controls (P<0.01, Table II), to 81.5% of controls in group 1, and 85.7% in group 2. The deficits of body mass in tumour-bearing rats (53.4 ± 2.8 g in group 1 and 62.5 ± 7.4 g in group 2) were not significantly different (Figure 2 ).
Carcass composition
The variations in body mass were analysed into their water, protein, lipids and ash components.
Water In both groups, tumour-bearing rats showed an increase of body water content when compared to controls (P<0.01 Table III (Figure 2A ). Expressed as a percentage of the deficit of body mass ( Figure 2B ), the differences between controls and tumour-bearing rats did not differ significantly between groups 1 (56.3 ± 2.0%) and 2 (39.6 ± 7.1%). (Figure 2B ), did not differ significantly between groups 1 (22.5 ± 1.3%) and 2 (26.7 ± 3.6%). On the other hand, the deficit of body protein mass in tumour-bearing rats, expressed as a percentage of the body protein mass of controls, was higher in group 1 (21.2 ± 1.2%) than in group 2 (16.6 ± 2.1%; P<0.05). Lipids The total lipid content of the body was lower in tumour-bearing than in control rats (P<0.01). In the tumour-bearing rats, the mass of total carcass lipids was 63.0% of controls in group 1, and 62.7% in group 2. The deficit of mass of total body lipids in tumour-bearing rats was significantly lower in group 1 (6.8 ± 0.9 g) than in group 2 (14.3 ± 2.4 g; P<0.01, Figure 2A ). The contribution of total lipid to the body mass deficit was lower in group 1 (12.4 ± 1.4%) than in group 2 (25.3 ± 5.2%; P<0.05, Figure   2B ). The contribution of cholesterol to the difference of total carcass lipids between tumour-bearing and control rats was larger in group 1 than in group 2, 0.86 ± 0.28% vs 0.11 ± 0.15% (P <0.05). Corresponding figures for phospholipids were 12.2 ± 2.6% vs 2.0 ± 1.7% *(P<0.05). The deficit of reserve lipids (total lipids minus membrane lipids; i.e. phospholipids and cholesterol) was higher in group 2 (14.0 ± 2.3 g) than in group 1 (6.0 ± 0.9 g; P<0.05). The deficits of reserve lipids mass in tumour-bearing rats, expressed as a percentage of the body reserve lipid mass of controls, did not differ between the two groups (38.9 ± 4.9% in group 1 vs 40.1 ± 4.5% in group 2).
Ashes The difference of mass of carcass ashes between tumour-bearing and control rats was larger in group 1 than in group 2 (P<0.05, Figure 2A ). The statistical significance was lost when the difference was expressed as percentage of carcass mass difference.
Tumour composition
Tumour masses were not different between groups 1 and 2 (Table II) . The composition of the tumour was similar in group 1 and in group 2 (water: 20.4 ± 1.3 vs 19.0 ± 1.0 g, protein: 3.4 ± 0.2 vs 3.1 ± 0.2 g, lipids: 0.31 ± 0.03 vs 0.23 ± 0.02 g, respectively). Tumoural lipids corresponded to 5.1 ± 0.5% of the deficit of body lipids in tumour-bearing rats in group 1, against 2.0 ± 0.4% in group 2 (P<0.05). Tumoural proteins corresponded to 28.6% ± 1.5% of the deficit of body proteins in group 1 against 21.3 ± 2.6% in group 2 (P<0.05).
Discussion
The main results of this study are the following: (i) Despite the differences in body mass and initial body fuel reserves, mass and composition of the tumour were the same in young and adult rats after the same duration of tumour development.
(ii) In contrast, adult tumour-bearing rats had a negative nitrogen balance, against a positive one in youngs. Since in adults protein accretion is reduced, this suggests that protein metabolism was more altered. (iii) Lipid deficit was higher in adult than in young tumour-bearing rats. (iv) Despite the difference in body mass, food intake was the same in tumour-bearing rats both ages. In contrast to the present study, in which the rats still had some food intake, in the experiments by Sauer and Dauchy (1987) starvation accelerated tumour growth in adult but not in immature rats. These authors had ascribed this to the increased availability of circulating fat-derived nutrients from the host during starvation. That such an acceleration of tumour growth was absent in our conditions agrees with their interpretation. The capacity of the tumour to draw on the host lipid stores, rather than the rate of utilisation of the circulating nutrients might be a limiting factor for tumour growth.
Alterations in the host composition (Eden et al., 1983; Lundholm, 1986) , manifested by an increase in relative water content (Rechcigl et al., 1961) and a decrease in body mass, in body protein and lipid (Brennan & Burt, 1981; Beck & Tisdale, 1991) have been described both in young and adult tumour-bearing rats and mice. Tumour requirements take priority over the demands of normal growth (Mider et al., 1948) . For adult rats, these results have been confirmed in the present study, in which tumour-bearing resulted in a loss in body mass. In young rats, however, in which growth rate is normally higher, host body mass still increased (Table II) .
This better conservation of body mass was confirmed by the nitrogen balance of young and adult rats ( Table I ). The balance of young rats still remained positive while that for adult rats became negative. This difference between adult and young rats is remarkably similar to previous observations of underfed rats, in which body mass decreased in adult rats whereas it still increased in young rats (Widdowson & McCance, 1956) . Importantly, however, our study also indicates that the overall deficit in body mass of tumourbearing rats, compared to control rats, was similar in young and adult rats. Although it was impaired, the young rats still maintained a high growth rate.
The deficit of protein mass in tumour-bearing rats was not different in young and adult rats, indicating that in absolute values the protein cost of the tumour for the host was the same in adult and young rats. Accordingly, since the young rats had a lower body protein content than adult rats, their protein deficit expressed as a fraction of total body proteins of controls was higher. However, young rats still maintained a positive nitrogen balance, contrary to the adults. A major difference between young and adult rats is that young rats have a much higher protein accretion. This, rather than body protein content, would be the key factor in the protein balance of tumour-bearing rats.
Although tumour metabolism is almost exclusively glycolytic, lipids are utilised by the host to provide carbohydrates to the tumour (Mulligan & Tisdale, 1991) . Despite similar tumoural composition and mass in young and adult rats, the deficit of reserve lipids in tumour-bearing rats was higher in adult than in young rats. This suggests that the lipid cost of the tumour was higher in adults than in young rats. This difference of pattern of body reserves depletion parallels the difference of body composition alteration of underfed rats of various ages (Widdowson & McCance, 1956 ). Thus, the body composition alteration induced by cancer cachexia was attenuated in young rats, in agreement with a better metabolic efficiency in these rats as compared to adults.
Food intake was reduced both in young and adult tumourbearing rats. Remarkably, it stabilised at a nearly identical level in both groups (Table I) . Consequently, one would have expected a larger reduction in absolute terms in adults compared with controls than in youngs. This effect did not reach statistical significance, owing presumably to the wide dispersion of data. Moreover, although experimentally restricted controls may differ from spontaneously anorexic animals, controls pair-fed to tumour-bearing rats should be investigated in further studies.
In conclusion, body protein and lipid deficit due to sarcoma-bearing in rats varies with age. Most remarkably, presumably due to their better protein accretion, young rats unlike adult rats still maintained a positive nitrogen balance in spite of a higher relative protein deficit.
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